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ABSTRACT 
Zero tillage practices have a direct effect on soil microbial communities modifying soil 
productivity and sustainability. The crop sequences used can change the aforementioned 
properties, too. In this study, we evaluated the effect of crop sequences under zero tillage 
management on soil biological and chemical properties including vertical distribution of 
soil organic carbon, soil basal respiration, and dehydrogenase, acid phosphatase, and 
urease activity along a seasonal year and at different soil depths. The sequences included 
in this study were: (I) Single crop per year (sunflower-wheat-sorghum-soybean); (II) 
Mixed agriculture/livestock with pastures, without using winter or summer forages 
(wheat sorghum/soybean-canola-pasture); (III) Winter management (wheat-canola-
barley-late soybean); (IV) Mixed with annual feed crop (wheat-oat/Vicia sativa- soybean 
or sunflower), and (V) Intensive management (wheat-barley-canola, with alternation of 
soybean or late soybean). Soil organic carbon decreased with increasing depth, depending 
on sequences (Pseq×depth= 0.0173). Soil basal respiration was higher in the 0-5 cm layer than 
in the 10-20 cm layer of the topsoil irrespective of the crop sequences (Pdepth= 0.0062). 
Dehydrogenase, acid phosphatase and urease activity were affected by crop sequences, 
sampling season, and depth. Mixed sequences (sequences II and IV), including perennial 
pastures or annual feed crop could favor dehydrogenase and phosphatase activity. 
Sequences with cover crops (sequences II and IV) could favor microbial activity and, 
therefore, improve soil quality. 
Keywords: Basal respiration, Enzyme activities, Microbial activity, Soil organic carbon. 
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INTRODUCTION 
Crop management practices can change 
soil chemical and physical properties 
affecting the activity of microbial 
communities, the activity of soil enzymes 
and, as a consequence, the sustainability of 
the overall system. Zero tillage systems were 
intended to increase soil Organic Carbon 
(OC) as compared to conventional tillage 
(Mishra et al., 2010) and the effect on 
productivity and conservation of soil 
resources is known (Apezteguía et al., 
2009). Rotation practices under zero tillage 
systems have a beneficial effect on the soil 
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moisture, increase soil enzymatic and 
biological activities and reduce the use of 
fertilizer (Franzluebbers, 2007). On the other 
hand, application of continuous cropping 
without use of pastures for many years 
decreases both OC and the total soil N 
concentration (Plaza-Bonilla et al., 2016).  
Several works showed the relationship 
among enzymatic activities, soil basal 
respiration, and OC with different 
management of crops and sampling depths, 
all concluding that tillage systems and crops 
had effects on soil basal respiration and 
enzyme activities in the upper portion of soil 
(Melero et al., 2008; 2009; Paz-Ferreiro et 
al., 2010; Wang et al., 2008). Also, climatic 
and seasonal conditions in cultivated areas 
are a limiting factor for accumulation of OC 
in the top layer of soil and enzymatic 
activities (Melero et al., 2009).  
Crop management has a direct effect on 
the microbial community and could be 
evaluated using soil biological and/or 
chemical properties (Melero et al., 2011). 
Soil basal respiration and enzymatic 
activities allow the evaluation of microbial 
status and soil physicochemical conditions. 
Soil basal respiration gives evidence of the 
soil carbon availability to microorganisms 
and was used as a measure of the total 
microbial activity (Ananyeva et al., 2008). 
Additionally, the activity of several enzymes 
has been related to the organic matter 
concentration and provides early indication 
of change in soil properties associated with 
cropping practices (Qin et al., 2010). 
Enzymatic activities have also been used as 
soil quality indicators in agricultural soils 
because they show sensitive responses to 
soil changes and are related to the cycle of 
nutrients in soil (C, N, P, S) (Geisseler and 
Horwath, 2009; Qin et al., 2010).  
Therefore, different crop sequences 
produce different changes in soils under zero 
tillage systems. Soil chemical and biological 
properties are commonly used as early 
indicators of such changes. However, these 
changes can be influenced by sampling 
procedures.  
The aim of this study was to evaluate 
short-term changes due the crop rotation 
practices under zero tillage and sampling 
procedures (season and depth) on OC, BR 
and enzymatic activities. 
MATERIALS AND METHODS 
Location and Management of the 
System 
We sampled a field experiment 
established in 1997 in the Barrow 
Experimental Station (38° 19’ 25’’ S; 60° 
14’ 33’’ W), Tres Arroyos, Buenos Aires 
Province, Argentina. The experimental site 
had a slope of 2-3 %, and the top soil had 
a sandy clay loam texture (259 g kg
-1
 of 
clay, 269 g kg
-1
 of silt and 472 g kg
-1
 of 
sand) (USDA, 2006). The soil was 
classified as a Petrocalcic Argiudoll (depth 
of the petrocalcic horizon is 50 cm) (SSS, 
2014). The agro-climatic conditions of the 
experimental site are shown in Table 1. 
Additional detailed soil characterization at 
the experimental site can be found in 
Table 2 and Silvestro et al. (2013). The 
plots were arranged in a randomized 
complete block design and the treatments 
(crop sequences) randomized, using three 
replicates of 420 m
2
 plot area (14×30 m). 
The crops used in the sequences were 
wheat (Triticum aestivum L.), sorghum 
(Sorghum vulgare Pers.), soybean 
(Glycine max L.), canola (Brassica napus 
L.), barley (Hordeum vulgare L.), oat 
(Avena sativa L.), sunflower (Helianthus 
annuus L.), and vicia sativa (Vicia sativa 
L.). Sequences consisted of five different 
crop rotations: (I) Single crop per year 
(sunflower-wheat-sorghum-soybean); (II) 
Mixed agriculture/livestock with pastures, 
without using winter or summer forages 
(wheat sorghum/soybean-canola-pastures); 
(III) Winter management (wheat-canola-
barley-late soybean); (IV) Mixed with 
annual feed crop (wheat-oat/Vicia sativa- 
soybean or sunflower), and (V) Intensive 
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 alternation of soybean or late soybean). 
The cultivars used were Quilmes Ayelen 
(barley); SW 2836 (canola); A 4613 RG 
(soybean); A 3726 RG (late soybean); 
Bonaerense Maja (oat); DK 61 T 
(sorghum); BIOINTA 2001 (wheat) and 
DK 3920 (sunflower). Cropping practices 
involved seeding crops with herbicide 
application (glyphosate, metsulfuron-
methyl, dicamba and 2,4-D) pesticides and 
simultaneous application of inorganic 
fertilizers (PDA- diammonium phosphate 
and urea) (Table 3). Sequence II had a 
period of three years with pasture and 
sequence IV had a period with pasture 
every two years during the 13 years of 
experiment. The two mixed sequences, i.e. 
II and IV, had a grazing period while the 
three remaining sequences I, III, and V 
were exclusively agricultural. Sequence I 
was associated with the “traditional” 
farming in the region with one crop per 
year. Sequence V was related to 
management applied by big companies, 
with the intensification of crop rotation 
(double annual cropping). Sequence III 
started with a sequence of one crop per 
year during six years and then soybean 
was included as a double crop on the basis 
of winter crops. 
Soil Sampling Procedure 
The samples were taken at 3 different 
times: in summer (December 2009) when 
the wheat was harvested; during autumn 
(April 2010) when sequence II had pastures 
established, whereas sequence IV was 
covered with oats; at this particular sampling 
time, sequences I, III, and V were in fallow; 
and during winter (August 2010), at the 
fallow period for all the studied sequences. 
Soil samples (roughly 2 kg) were taken with 
a hydraulic borer and each cylinder was 
divided at 0-5, 5-10, and 10-20 cm depth 
intervals. Soil pH was determined by 
potentiometric method in a soil:water ratio 
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1997 2004 2010 
I 6.6 6.0 5.5 
II 6.6 6.0 5.2 
III 6.6 5.8 5.7 
IV 6.6 6.1 5.9 
V 6.6 5.9 6.0 
a 
pH: Potentiometric method (1:2,5; Soil: Water) 
(USDA-NRCS 2004).
b
 Crop sequences are 
defined in the text and Figure 1. 
 
Table 3. Herbicides (glyphosate, metsulfuron-methyl, dicamba, and 2,4-D) pesticides and simultaneous 
application of inorganic fertilizers (DPA: Diammonium Phosphate and urea) during experiment.  
 Fertilization Herbicide/Pesticide 
Seqa 
Winter 















(100 kg ha-1) 
Urea  
(140 kg ha-1) 
2,4-D (0,400 L ha-1) 
Dicamba (0,100 L ha-1)  
Metsulfuron-methyl (6,7 g ha-1) 
 
Glyphosate  
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 Crop sequences are defined in the text and Figure 1. 
 
Soil Physical Chemical and Biochemical 
Analysis 
Soil Organic Carbon (OC) was determined 
on the fine fraction (< 0.5 mm) according to 
Walkley and Black (1934). Soil Basal 
Respiration (BR) was determined by 
measuring the CO2 trapped in an alkali 
solution in a closed system. Samples were 
incubated for 10 days at 25°C (Anderson, 
1982). 
Dehydrogenase and acid phosphatase 
activities were determined according to 
Tabatabai (1994), while urease activity was 
determined according to Nannipieri et al. 
(1980).  
Statistical Analysis  
To compare OC, BR, and enzyme activities 
among sequences at different depths 
considering the three sampling time, we used a 
repeated (in space) measures analysis once we 
discarded temporal autocorrelation. We first 
explored temporal correlation among plots 
analyzed in consecutive sampling dates. After 
that, we performed a mixed effects model to 
account for spatial autocorrelation between 
soil samples taken at consecutive depths in the 
same soil core. We selected the best 
correlation structure based on Akaike 
Information Criteria (AIC) and Bayesian 
Information Criteria (BIC) scores of 
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Statistical analyses were performed with the 
lme function from the nlme package (Pinheiro 
et al., 2016). We selected the best factor 
combination for varIdent option (nlme 
package) to correct for heteroscedasticity 
when necessary. Significant differences were 
evaluated with the lsmeans package (Lenth, 
2013). 
RESULTS 
The OC was significantly affected by 
sequences×depth interaction (Table 4, 
Pseq×depth= 0.0173). Sequences II, III, IV, and 
V showed the higher values of OC in the 
first layer (0-5 cm) compared to the other 
layers (5-10 cm and 10-20 cm). However, 
sequence I showed more OC in the first 
layer (0-5 cm) than the last layer of soil (10-
20 cm) (Figures 1-a, -b, and c). We found no 
differences among seasons in OC content 
(Table 4). 
BR showed a similar pattern in all five 
sequences (Table 4, Pseq= 0.1814). We found 
higher values of BR for summer, followed 
by winter and autumn (Table 4, Pseason< 
0.0001). Moreover, in all seasons, the 0-5-
cm depth showed more BR than the 10-20 
cm, but not from 0-5 to 5-10 cm, regardless 
of the cropping sequences (Figures 2-a, -b, 
and -c; Table 4; Pdepth= 0.0062).  
All three enzyme activities were affected 
by the cropping sequences, season, and 
sampling depth (Table 4). In summer, 
dehydrogenase activity showed higher 
activity in the surface soil, except crop 
sequence II, where it was very high in the 
three sampled layers of the soil profile 
(Figure 3-a). In autumn, only sequences I 
and IV showed higher enzymatic activities 
in the first layer of soil (0-5 cm) than in the 
last one (10-20 cm; Figure 3-b). In winter, 
we observed that, in all sequences, the 
dehydrogenase activity decreased with 
increasing depth and sequences II, IV, and V 
(the mixed agriculture/livestock with 
pastures, mixed with annual feed crop and 
intensive management, respectively) showed 
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Figure 1. Soil Organic Carbon (OC) under five 
crop sequences (I, II, III, IV and V), three 
sampling depths (0-5, 5-10 and 10-20 cm) and 
three sampling seasons: (a) Summer; (b) 
Autumn, (c) Winter. (For the sake of clarity we 
plot each season on a separate panel). 
Sequences: Seq I: Single crop per year: 
Sunflower-Wheat-Sorghum-Soybean; Seq II: 
Mixed agriculture/livestock with pastures: 
Wheat-Sorghum-Soybean-Canola-Pasture; Seq 
III: Winter management: Wheat-Canola-Barley-
late Soybean; Seq IV: Mixed with annual feed 
crop: Wheat-Oat/Vicia-Sunflower, Seq V: 
Intensive management: Wheat-Barley-Canola, 
Soybean or late Soybean. 
 
 
Figure 2. Soil Basal Respiration (BR) of soil 
under five crop sequences (I, II, III, IV and V), 
three sampling depths (0-5, 5-10 and 10-20 cm) 
and three sampling seasons: (a) Summer; (b) 
Autumn, (c) Winter. Note the difference in scale 
of the y axes. Sequences are defined in the text 
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Figure 3. Dehydrogenase activity of soil under 
five crop sequences (I, II, III, IV and V), three 
sampling depths (0-5, 5-10 and 10-20 cm) and 
three sampling seasons: (a) Summer; (b) 
Autumn, (c) winter. Sequences are defined in 
the text and Figure 1. 
 
 
Figure 4. Phosphatase activity of soil under 
five crop sequences (I, II, III, IV and V), in 
three sampling depths (0-5, 5-10 and 10-20 
cm) and at three sampling seasons: (a) 
Summer, (b) Autumn, c) Winter. Note the 
difference in scale of the y axes. Sequences 
are defined in the text and Figure 1. 
 
sequences I and III in the first soil layer 
(Figure 3-c).  
In summer, highest phosphatase activity 
was reached by sequence I and II. The 
sequences I and IV showed higher 
enzymatic activities in the first layer of soil 
(0-5 cm) than in the last one (5-20 cm) and 
sequences II, III, and V showed differences 
between layers 0-10 cm and 10-20 cm. 
(Figure 4-a). In autumn, we did not observe 
a strong effect of sequences and depth on 
phosphatase activity, only sequence V 
showed higher activities than the other 
sequences (Figure 4-b). In winter, 
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Figure 5. Urease activity under five crop 
sequences (I, II, III, IV and V), in three 
sampling depths (0-5, 5-10 and 10-20 cm) and 
three sampling seasons: (a) Summer; b) 
Autumn, (c) Winter. Note the difference in 
scale of the y axes. Sequences are defined 
in the text and Figure 1. 
 
with increasing depth in sequences II, III, 
and IV. Sequence IV showed highest values 
of phosphatase activity (Figure 4-c).  
In summer, only in sequence V urease 
activity increased with increasing depth 
(Figure 5-a). In autumn, all five sequences 
showed contrasting pattern of urease activity 
with depth. Sequences I, II, and III showed 
higher values of activity than the other 
sequences, but, in sequence III urease 
activity decreased to lower values at deepest 
soil layer, as sequences IV and V (Figure 5-
b). In winter, we found lower urease activity 
with no differences among sequences or 
depth (Figure 5-c). 
DISCUSSION 
Soil Organic Carbon (OC) stock was 
higher in the upper layer of soil (Figure 1). 
Zero tillage systems leave plant residues on 
the soil surface resulting in OC stratification 
(Franzluebbers, 2002). We suggested that 
the lack of differences among sequences was 
due to long-term experiment and that the 
elapsed time was not long enough to show 
differences. In long-term experiment, the 
continuing accumulation of OC does not 
allow differentiation among sequence 
(Forján et al., 2012). The strong effect of 
zero tillage also erased a seasonal effect. We 
suggest that the changes produced by the 
sampling season were too little to be 
detected in the OC level, especially in a 
long-term assay according to other authors 
(Geisseler and Horwath, 2009). 
 The results obtained suggested that the 
highest microbial activity detected through 
BR was observed in the surface soil. These 
differences among soil layers suggested that 
BR showed variation with OC. Moreover, 
the BR values showed a strong gradient 
decreasing from summer to winter seasons 
(Figure 2). High temperature and moisture 
increase microbial activity, thus increasing 
BR (Ananyeva et al., 2008). In early 
summer (postharvest), wheat stubble 
interacted with agro-climatic conditions to 
produce differences of an order of 
magnitude in BR among seasons. On the 
other hand, the lower BR values in autumn 
and winter with respect to summer could be 
in response to the decrease in temperature. 
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decline in OC (Table 1; Figure 1). This is 
because the mineralization of organic matter 
at low temperatures is slower and the stubble 
remains for more time in the first 
centimeters of soil surface (Franzluebbers, 
2002).  
The results showed that changes of 
enzymatic activity depended on crop 
sequences and spatio-temporal variables 
such as sampling season and soil depth. We 
observed the same gradient decreasing in 
depth for enzyme activities as for OC stock 
and BR values. Therefore, we considered 
that the incorporation of crop residues in soil 
under zero tillage increased the OC available 
and, therefore, improved biological activity. 
Similar results were observed by Aon and 
Colaneri (2001). They observed a significant 
decline of enzymatic activity in space as a 
function of depth in an Aquic Argiudoll. The 
wide seasonal variation detected in 
agricultural soil for enzymes has been 
associated with soil temperature and soil 
moisture (Alvear et al., 2005; Paz-Ferreiro 
et al., 2010, 2011). However, several works 
showed that other sources of variations such 
as tillage systems and crop sequences had 
the strongest effect on the enzymes (Alvear 
et al., 2005; Gianfreda and Ruggeiro, 2006; 
Paz-Ferreiro et al., 2011). Therefore, the 
changes observed in the enzyme activities 
cannot be attributed to a single source of 
variation.  
Dehydrogenase activity was higher in the 
first centimeters of soil surface, except in 
sequences II in summer and II, III, and V in 
autumn. This fact could be explained by the 
stratification of organic matter as a result of 
tillage systems (zero tillage). The sequences 
with pastures (II) and grazing could be 
explained according to Haynes et al. (1991). 
They suggested that the presence of pasture 
and grazing animals stimulate microbial 
activity. Sequences III and V in the crop 
cycle previous to our sampling had a higher 
intensity of cropping than the other 
sequences. The diversity of crops stimulated 
microbial activity and, therefore, 
dehydrogenase activity (Gianfreda and 
Ruggeiro, 2006). In winter, the biological 
activity estimated through dehydrogenase 
activity showed a decrease in the effect of 
depth for all sequences assayed. It was due 
to the fact that rainfall was lower in winter 
than in summer and autumn (Table 1); 
therefore, the moisture was retained in the 
upper layers associated with plant debris as 
suggested for these tillage systems. The 
relationship between OC and dehydrogenase 
activity revealed the role of the 
dehydrogenase in the oxidation of organic 
matter (Aon and Colaneri, 2001; Paz-
Ferreiro et al., 2010). Dehydrogenase 
activity showed a similar pattern to BR, but 
dehydrogenase activity was more sensitive 
to changes in the cropping system. 
Phosphatase and urease activities are 
involved in the cycles of P and N, 
respectively. The activity of these enzymes 
is regulated indirectly by microorganisms 
and directly by soil type (Aon and Colaneri, 
2001). During the mineralization of organic 
matter, acid phosphatase activity is 
associated with soil type, soil management, 
and soil moisture and temperature (Gómez-
Guinan, 2004). In the same way as in other 
studies (Alvear et al., 2005; Samuel et al., 
2011), we observed the highest activity of 
phosphatase in the first centimeters of soil 
surface. Therefore, we attributed this fact to 
the content of OC in the upper portion of 
soil. The organic matter is responsible for 
the maintenance of active form of 
phosphatase enzyme. In relation to this 
point, Gianfreda and Ruggiero (2006) 
suggested that phosphatase activity showed 
a spatial dependence on OC. Ferreras et al. 
(2009) observed for a typical Argiudoll soil 
that the sequence with cover crop under zero 
tillage presented higher phosphatase activity 
than sequences without cover crop.  
We observed a stratification of 
phosphatase activity associated with depth in 
certain sampling seasons and sequences. In 
summer, the decline of activity was 
strongest from 10 cm of depth. Sequence V 
showed the highest activity of phosphatase 
in autumn. The presence of cover crops and 
pulse of soybeans in crops sequences favors 
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mineralization of P in the upper portion of 
soil. In winter, the sequence with pastures 
increased phosphatase activity, suggesting 
that short-term pastures improve the 
available inorganic P in soil, thus, increasing 
phosphatase activity (Haynes and Williams, 
1999). On the other hand, winter sequence 
IV showed the highest activity of 
phosphatase. The presence of cover crops 
and pulse of soybeans in crops sequences 
favors phosphatase activity and promotes the 
mineralization of P in the upper portion of 
soil (Khan, 1970; Silvestro et al., 2013). 
Also, we observed a progressive decrease in 
soil pH from 1997 to 2010 (Table 2). We 
assume that the decrease in soil pH was due 
to continuous nitrogen fertilization. 
Therefore, phosphatase activity was favored, 
according to Ling et al. (2014). 
Urease activity and other enzymes have 
little or no spatial dependence (Gianfreda 
and Ruggiero, 2006). This study showed that 
urease activity presented an irregular 
variation with depth mainly in autumn. This 
situation indicates that urease activity is not 
related to the active microbial population, 
according to Frankenberger and Dick 
(1983). However, we observed seasonal 
variation. The increase in urease activity 
detected in autumn in the sequences I, II, 
and III could be explained because moisture 
and temperature were not a limiting factor 
for this season (Table 1). In summer, high 
temperature and low rainfall with extended 
dry periods were registered, while in winter, 
low temperatures and high number of frost 
days were registered (Table 1). Therefore, 
these conditions were determinants for low 
urease activity in summer and winter in all 
sequences. The results were similar to that 
detected by Paz-Ferreiro et al. (2011), who 
indicated that enzyme activities depend on 
climatic conditions. Also, Nannipieri et al. 
(2012) suggested that enzyme activities 
decline in summer and winter in relation to 
the moisture availability and temperature in 
soil. We suggest that urease activity is 
influenced by season more than by the 
sequences of crops and depth in soil. Also, 
12 years of continuous nitrogen fertilization 
could produce the low urease activity. 
Similar results were observed by Dick et al. 
(1988), who suggested that urease activity 
decreased with long-term addition of 
nitrogen fertilizer. 
This study represents the intra-annual 
evaluation of biochemical and chemical 
properties of soil under zero tillage with 
different sequences of crop in a long-term 
experiment. Enzyme activities allow 
detection of differences in the type of 
sequences applied to rotation practices in a 
zero tillage system, except urease activity 
that depends on the climatic conditions 
rather than the type of sequence. Mixed 
sequences, including perennial pastures and 
annual feed crop could favor dehydrogenase 
and phosphatase activity and the sequences 
with sustainable cropping management, 
including cover crops, could favor microbial 
activity and, therefore, improve quality of 
soil. 
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شناسایی ویژگی های زیست شناسی مولی سولها در شرایط بذون خاکورزی در 
 تناوب های زراعی مختلف
ل. ب. سیلوسترو، ف. بیگانسولی، ه. فورجان، ا. البانسی، ا. م. آرامباری، ل. مانسو، و م. 
 و. مورنو
 چکیذه
پایذاری خاک  کشت ٍکار تذٍى خاکَرزی تاثیر هستقیوی رٍی جَاهع هیکرٍتی ٍ تغییر تارٍری ٍ
دارًذ. تٌاٍب ٍ ترتیة کشت گیاّاى ّن هی تَاًذ ایي خَاص را دگر گَى کٌذ. در ایي پصٍّش ، تاثیر 
تٌاٍب زراعی در شرایط هذیریتی تذٍى خاکَرزی رٍی خَاص تیَلَشیکی ٍ شیویایی خاک شاهل 
آًسین ّای دی خاک، ٍ فعالیت  (basal respirationتَزیع عوَدی هَاد آلی خاک، تٌفس پایِ ای )
ّیذرٍ شًاز،اسیذ فسفاتاز، ٍ اٍرُ آز در طی فصل زراعی ّر سال ٍ در اعواق هختلف خاک در یک 
( یک Iتٌاٍب ّای استفادُ شذُ در ایي پصٍّش عثارت تَدًذ از: آزهایش دراز هذت ارزیاتی شذ.
اهی ّوراُ تا ( هخلَطی از گیاّاى زراعی ٍ دII ;سَیا(-سَرگَم -گٌذم-هحصَل در سال)آفتاتگرداى
سَیای  -جَ -کلسا-( هذیریت زهستاًِ ) گٌذمIII ;علَفِ چرا تذٍى استفادُ از علَفِ زهستاًی یا تاتستاًِ
( Vسَیا یا آفتاتگرداى( ٍ  -چاٍدار/هاشک-( هخلَط تا گیاّاى علَفِ ساالًِ )گٌذمIV ;دیرکشت
شت. ًتایج ًشاى داد کِ تستِ تِ کلسا ، تا یک درهیاى سَیا ٍ سَیا ی دیر ک-جَ -هذیریت فشردُ) گٌذم
( کرتي آلی خاک تا افسایش عوك خاک کن هی شذ ٍ فارغ از Pseq x depth = 0.0173ًَع تٌاٍب ) 
 10-20ساًتی هتری تیشتر از الیِ  0-5( تٌفس پایِ ای خاک در الیِ  Pdepth = 0.0062ًَع تٌاٍب)
شًاز،اسیذ فسفاتاز، ٍ اٍرُ آز تحت  ساًتی هتری در خاک سطحی تَد. فعالیت آًسین ّای دی ّیذرٍ
( II ٍIVتاثیر تٌاٍب زراعی، فصل ًوًَِ ترداری، ٍ عوك خاک تَد. تٌاٍب ّای هخلَط) تٌاٍب ّای 
شاهل علَفِ چرائی چٌذ سالِ یا گیاُ علَفِ ای یکسالِ هی تَاًٌذ فعالیت آًسین ّای دی ّیذرٍ شًاز ٍ 
ٍ  II( شاهل تٌاٍب ّای cover cropای گیاُ پَششی )اسیذ فسفاتاز را تْثَد تخشٌذ. تٌاٍب ّای دار
IV .تِ ًفع فعالیت هیکرٍتی تَدُ ٍ در ًتیجِ کیفیت خاک را تْثَد هی دٌّذ 
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